I. Amendments to the Specification 

Please replace the specification with the following. A clean version of the 
amended specification is enclosed as Attachment A. 

CROSS REFERENCE TO RELATED APPLICATIONS 

rOOOH This application claims priority to JP 2003-436121 filed November 27, 

2003 and PCT/JP2 004/0 18224, filed November 29, 2004. 

BACKGROUND 

1. TECHNICAL FIELD 

[0002] The present invention relates to a retractor for a seat belt system . 

More particularly, the present invention relates to a retractor for a seat belt mounted 
in a vehicle capab le of r e a l iz i ng providing a safer restricting device which can be 
positively operated. 

2. BACKGROUND ART 

[0003] A retractor is disclosed in Japanese Patent Unexamined Publication 
No.JP-A-2000-038110 (Japan e s e Pat e nt Docum e nt 1) and Japanese Patent 
Unexamined Publication No. JP-A-2001-334913 (th e Japan e s e Patent Docum e nt 2) . 
[0004] An electric retractor described in the above-referenced Japanese 

Patent Documents 1 and 2 includes: a frame; a reel shaft is pivotally attached to the 
frame a«d which winds a seat belt; and a lock mechanism for locking the seat belt so 
that it can not be drawn out when a predetermined deceleration acts on a vehicle or 
when the seat belt is drawn out at a predetermined acceleration. A central axis of 
the reel shaft is connected to a central axis of a pulley for the reel shaft, and the 
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pulley for the reel shaft is connected to a pulley for DC motor via a power 
transmission belt. A central axis of the pulley for DC motor is connected to DC 
motor. Accordingly, power of the DC motor is transmitted to the reel shaft as i t i s . 
Rotation of the reel shaft, which rotates when a user draws out the seat belt, is also 
transmitted to DC moto r as i t i s . 

rOOOSl Further, various control is performed on the DC motor by MPU (Micro 

Processing Unit) via DC motor drive s e ct i on system . MPU is connected to a vehicle 
speed detecting s e ct i on system for detecting a running speed of the vehicle. MPU is 
also connected to a collision prediction detecting s e ct i on system for detecting 
whether or not there is a possibility of collision. MPU is also connected to a buckle 
connecting detection s e ct i on system for detecting whether or not the user fastens the 
seat belt. According to the result of the detection, the DC motor is driven. 
[0006] However, in the above conventional design, constitut i on, a pow e r 

g e n e rating m e ans for g e n e rat i ng electric power is required to wind an the webbing is 
by the DC moto r driv e n by ele ctr i c pow e r . Therefore, in the case of the occurrence 
of trouble in which the motor can not be driven for some reasons or the electric 
power supply is stopped, it becomes impossible to wind the webbing. Accordingly, in 
the case of the above troub le malfunction , there is a possibility that the user can not 
be is not restricted by the seat belt in a desired condition. 

rO0071 The present invention has be e n accomp li sh e d i n v ie w of th e abov e 

c i rcumst a nc e s addresses the above shortcomings of the prior art . It is an object of 
the present invention to provide a retractor for a seat belt at le ast capable of 
positively restricting a user of the seat belt so as to r e a li z e a saf e r and mor e pos i t i v e 
r e str i ct i ng d e vic e even at the time of the occurrence of troub le malfunction in which 
the motor is not operated or the supply of electric power is stopped. 



SUMMARY OF THE INVENTION 

[0008] According to a first aspect of the invention, there is provided a retractor 
for a seat belt comprising: 

[0009] a spindle on which a webbing is wound; 
r00101 a frame for pivotally holding the spindle; 

r0012] a drawing prevention s e ction system for preventing the webbing from 
drawing such that: 

r00131 stopping a rotation of the spindle rotating in a drawing out direction, in 
which the webbing is drawn out, when a rotational acceleration of the spindle is not 
less than a predetermined value when the webbing is accelerated in the drawing out 
direction; and 

[0014] stopping a rotation of the spindle rotating in the drawing out direction 
when a deceleration of a vehicle is not less than a predetermined value; and 
[0015] a first pow e r torque generating s e ct i on system which generates pow e r 
torque to rotate the spindle in a winding direction in which the webbing is wound, and 
connected to the spindle at all times so as to transmit the generated pow e r torque to 
the spindle; 

[0016] a second pow e r torque generating s e ction system which generates 
pewef torque to rotate the spindle in the winding direction; and 
r00171 a pow e r torque transmitting mechanism s e ct i on system which transmits 
the pow e r torque generated by the second pow e r torque generating s e ct i on system 
to the spindle, wherein 

r001 81 the pow e r torque generated by the first pow e r torque generating 
s e ct i on system is made to be lower than the pow e r torque generated by the second 
poweMorgue generating s e ct i on system , so as to maintain a rotary speed of the 
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spindle generated by the first pow e r torque generating s e ct i on system to be lower 
than a rotary speed of the spindle generated by the second pow e r torque generating 
s e ct i on system , and 

[0019] the second pow e r torque generating s e ction system is used 
repeatedly. 

[0020] According to a second aspect of the invention, as s e t forth i n th e first 
asp e ct of th e inv e ntion, it is preferable that the first pow e r torque generating s e ct i on 
system generates pow e r torque by a rotary spring force of a spiral spring, and 
[0021] the second pow e r torque generating s e ct i on system generates pow e r 
torque by torque of a motor. 

[0022] According to a third aspect of the invention, a s se t forth in th e first 
asp e ct of th e i nv e nt i on, it is preferable that when the second pow e r torque 
generating s e ction system generates the pow e r torque for rotating the spindle in the 
winding direction, the pow e r torque transmitting mechanism section system transmits 
the powef-torgue generated by the second pow e r torque generating s e ct i on system 
to the spindle, and when the second pow e r torque generating s e ct i on system 
generates the power torque for rotating the spindle in a direction opposite to the 
direction in which the second pow e r torque generating s e ct i on system generates 
pow e r torque for rotating the spindle in the winding direction, the pow e r torque 
transmitting mechanism s e ct i on system does not transmit pow e r torque generated 
by the second pow e r torque generating s e ction system to the spindle. 
[0023] According to a fourth aspect of the invention, as s e t forth i n th e s e cond 
asp e ct of th e i nv e ntion, it is preferable that a pow e r torque setting is made in 
advance in the first pow e r torque generating section system so that a predetermined 
tension is generated in the webbing when a seat belt user fastens the seat belt. 
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[0024] According to a fifth aspect of the invention, as s e t forth in th e third 

asp e ct of the i nv e nt i on, it is preferable that the pow e r torque transmitting mechanism 
s e ct i on system includes a pow e r torque transmission cushioning s e ction system for 
cushioning a pow e r torque transmission by an elastic member arranged between the 
second pow e r torque generating s e ct i on system and the spindle, wherein when the 
pow e r torque of the second pow e r torque generating s e ct i on system is transmitted to 
the spindle, a sudden change in the pow e r torque of the second pow e r torque 
generating s e ction system is not transmitted to the spindle as a sudden change in 
pow e r torque , and when the p ow er torque of the second p ower torque generating 
section system is transmitted to the spindle, a sudden force in a direction of drawing 
out the webbing given to the spindle, which is generated when a seat belt user gives 
a sudden force to the webbing in the drawing out direction, is not transmitted to the 
second powef- torque generating s e ction system as a sudden change in force. 
[0025] According to a sixth aspect of the invention, as s e t forth i n th e fifth 

asp e ct of th e i nv e nt i on, it is preferable that an elastic force of the elastic member in 
the powe Morque transmission cushioning s e ct i on system is larger than the force 
generated by the first power torque generating s e ct i on system . 
r0026] According to a seventh aspect of the invention, as s e t forth i n any on e 

of th e first through s i xth aspect of the i nv e ntion, it is preferable that further 
comprising: 

r0027| a webbing action detecting s e ct i on system for detecting whether the 

webbing is drawn out, the webbing is wound or the webbing is in a stopping state; 
and 

[0028] a control s e ct i on system for controlling the pow e r torque of the second 

powef -torque generating s e ct i on system according to: 
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[0029] whether or not the seat belt is fastened which is detected by a seat belt 
fastening detection s e ction system which is integrated into a buckle and detects 
whether or not a tongue is engaged with the buckle, and 

1*00301 an action of the webbing detected by the webbing action detecting 

section system . 

r0031] According to an eighth aspect of the invention, a s s e t forth i n th e 
s e v e nth asp e ct of th e inv e ntion, it is preferable that when the seat belt fastening 
detecting s e ct i on system detects a change from a state of fastening the seat belt to a 
state of not-fastening the seat belt, in a case where the state of not-fastening the 
seat belt is detected and the seat belt fastening detecting s e ct i on system detects that 
the webbing is in a stoppage state, the control s e ct i on system makes the second 
aowe Morque generating s e ct i on system generate a predetermined i nt e ns i ty level of 
the powep -torque for rotating the spindle in the winding direction. 
[0032] According to a ninth aspect of the invention, as s e t forth i n th e se v en th 
asp e ct of th e i nv e nt i on, it is preferable that when a state of not-fastening the seat 
belt and a state of drawing out of the webbing are detected, in a case where a state 
of not-fastening of the seat belt and a state of a stoppage of the webbing are 
detected, the control s e ction system controls so that the second pow e r torque 
generating s e ct i on system generates a predetermined i nt e ns i ty level of the pow e r 
torque for rotating the spindle in the winding direction. 

F00331 According to a tenth aspect of the invention, as set forth in one of the 
first through ninth aspect of the invention, it is preferable that when a state of not- 
fastening of the seat belt and a state of stoppage of the webbing are detected 
although the pow e r torque of rotating the spindle is generated in the winding 
direction by an action of the second pow e r torque generating s e ct i on system , the 
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control se ct i on system stops the generation of the pow e r torque by the second 
pow e r torque generating s e ction system for a predetermined period of time, and then 
the control s e ction system controls to generate the pow e r torque , a direction of which 
oppose to the direction of the pow er torque for rotating the spindle in the winding 
direction. 

[0034] According to an eleventh aspect of the invention, as se t forth i n on e of 
th e s e v e nth through t e nth asp e ct of th e i nv e nt i on, it is preferable that when the 
change from the state of not-fastening the seat belt to the state of fastening the seat 
belt is detected, the control s e ction system makes the second pow e r torque 
generating s e ct i on system generate the pow e r torque for rotating the spindle in the 
winding direction, and when the state of stoppage of the webbing is detected, the 
control sect i on system makes the second pow e r torque generating s e ction system 
generate-power torque , a direction of which opposes to the direction of the pow e r 
torque for rotating the spindle in the winding direction for a predetermined period of 
time. 

[0035] According to a twelfth aspect of the invention, as s e t forth in on e of th e 
s e v e nth through ele v e nth asp e ct of the invent i on, it is preferable that the webbing 
action detecting se ct i on system detects a rotation and a rotary direction of the 
spindle and when a change in amount of the rotation of not less than a 
predetermined value is detected in a predetermined period of time and a rotation of 
the spindle is detected on a side of drawing out the webbing, the webbing action 
detecting s e ct i on system judges that the webbing is drawn out, when the rotation of 
the spindle is detected on a side of winding the webbing, the webbing action 
detecting sect i on system judges that the webbing is wound, and when a change in 
amount of rotation of not less than a predetermined value is not detected in a 
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predetermined period of time, the webbing action detection s e ction system judges 
that the webbing is in a state of stoppage. 

[0036] According to a thirteenth aspect of the invention, as s e t forth i n on e of 
th e s e v e nth through tw e lfth asp e ct of th e inv e ntion, it is preferable that when a 
dang e rous collision is detected or impeding as a state detected by a dang e rous stat e 
collision detecting s e ction system , which is separately provided and detects whether 
or not a vehicle is in a dangerous state, and a state that a user fastens the seat belt 
are detected, the control s e ction system makes the second pow e r torque generating 
s e ct i on system generate the pow e r torque for rotating the spindle in the winding 
direction. 

r00371 According to a fourteenth aspect of the invention, as s e t forth i n th e 
th i rt ee nth asp e ct of th e i nv e ntion, it is preferable that when the state of fastening the 
seat belt and the change from the dangerous state of the vehicle to the not- 
dangerous state are detected, the control s e ct i on system makes the second pow e r 
torque generating sect i on system generate the-powef torque , an intensity of which is 
higher than an intensity of the pow e r torque for rotating the spindle, in the winding 
direction for a predetermined period of time; and also makes the second pow e r 
torque generating s e ction system gradually reduce the pow e r torque with lapse of 
time; and after no pow e r torque is generated, the control s e ct i on system controls so 
that a predetermined intensity of pow e r torque for rotating the spindle is generated 
for a predetermined period of time in a direction opposite to the winding direction. 
[0038] According to a fifteenth aspect of the invention, as set forth in on e of 

th e first through sixth asp e ct of th e i nv e ntion, it is preferable that the retractor for the 
seat belt further comprising a control s e ct i on system for controlling the pow e r torque 
generated by the second pow e r torque generating s e ct i on system according to a 
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seat belt fastening state detected by a seat belt fastening state detecting s e ct i on 
system , which is incorporated into a buckle and detects whether or not a tongue is 
engaged with the buckle, and according to a dang e rous stat e an actual or potential 
collision is detected by a dangerous stat e collision detecting s e ct i on system for 
detecting whether or not a vehicle is in a dang e rous stat e collision . 
[0039] According to a sixteenth aspect of the invention, as s e t forth i n th e 
fifteenth asp e ct of th e inv e nt i on, it is preferable that when the state of fastening the 
seat belt and the dangerous state of the vehicle are detected, the control s e ction 
system makes the second pow e r torque generating s e ct i on system generate the 
powef torque for rotating the spindle in the winding direction. 

[0040] According to a seventeenth aspect of the invention, as s e t forth in th e 
fift ee nth asp e ct of th e i nv e nt i on, it is preferable that when the state of fastening the 
seat belt and the change from the dangerous state of the vehicle to the not- 
dangerous state are detected, the control s e ct i on system makes the second pow e r 
torque generating s e ct i on system generate the-powef torque , an int e ns i ty of wh i ch i s 
high e r than an i nt e ns i ty d e scr i b e d in c l a i m 16, a level for rotating the spindle in the 
winding direction for a predetermined period of time; and then the control s e ct i on 
system makes the second pow e r torque generating se ct i on system gradually reduce 
the pow e r torque with lapse of time; and after no power torque is generated, the 
control s e ct i on system makes the second power torque generating sect i on system 
generate a predetermined pow e r torque for rotating the spindle in a direction 
opposite to the winding direction for a predetermined period of time. 
[0041] According to an eighteenth aspect of the invention, as s e t forth i n th e 
thirt ee nth or fift ee nth asp e ct of th e i nv e nt i on, it is preferable that when the dangerous 
state of the vehicle and the change from the state of fastening the seat belt to the 
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state of not-fastening the seat belt are detected, the control s e ction system makes 
the second pow e r torque generating s e ction system generate a predetermined 
pow e r torque for rotating the spindle in the direction opposite to the winding direction 
for a predetermined period of time. 

According to a n i n e t ee nth asp e ct of the i nv e ntion, as s e t forth i n on e of th e 
ei ghth through e l e v e nth asp e ct of th e invent i on, i t i s pr e f e rab le that an i nt e ns i ty of 
th e pow e r for rotat i ng th e sp i nd le i n th e w i nding d i r e ct i on generated by tho second 
pow e r g e nerat i ng section i n any one of c l a i ms 13 to 18 i s s e t to be high e r than an 
int e nsity of power for rotating the sp i nd l o in th e w i nding d i r e ct i on g e n e rat e d by th e 
s e cond pow e r g e n e rat i ng s e ct i on. 

[0042] According to a s e cond another aspect of the invention, as s e t forth in 
on e of the th i rd, tenth, o l ovonth, fourt ee nth, s e v e nt ee nth and e ight ee nth aspect of 
th e i nv e nt i on, it is preferable that while the control sect i on system controls so that the 
second powe^ -torque generating s e ction system generates a rotary pow e r torque in 
a direction opposite to the direction of winding the webbing with respect to the 
spindle and when an amount of the drawn webbing being not less than a 
predetermined value is detected by the webbing detecting section system , the 
control s e ction system controls the second pow e r torque generating sect i on system 
to increase a rotary speed. 

[0043] According to the constitution of the retractor for a seat belt of the 
present invention, even in the case of trouble in which a motor does not work or an 
electric pow e r torque source is shut off, at least it is possible to restrict a passenger 
fastening the seat belt at present. Therefore, it is possible to realize a safer and 
more secure restricting device. 



r00441 Additional benefits and advantages of the present invention will 

become apparent to those skilled in the art to which the present invention relates 
from the subsequent description of the preferred embodiment and the appended 
claims, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] Fig. 1 is an external appearance view showing circumstances of a use 

of a seat belt device of a vehicle of a first embodiment of the present invention; 
[0046] Fig. 2 is a functional block diagram schematically showing a structure 

of a retractor for a seat belt of a first embodiment; 

r00471 Fig. 3 is a functional block diagram schematically showing a structure 

of the retractor for a seat belt of a first embodiment; 

[0048] Fig. 4 is a functional block diagram schematically showing an action of 

the retractor for a seat belt of a first embodiment; 

[0049] Fig. 5 is a functional block diagram schematically showing an action of 

the retractor for a seat belt of a first embodiment; 

[0050] Fig. 6 is a functional block diagram schematically showing a structure 

of the retractor for a seat belt of a first embodiment; 

f00511 Fig. 7 is a main flow chart for explaining an action of a micro-controller 

in a control s e ction system ; 

r00521 Fig. 8 is a flow chart for explaining an action of the micro-controller in 

the control s e ction system ; 

f00531 Fig. 9 is a flow chart for explaining an action of the micro-controller in 

the control s e ction system ; 
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1*00541 Fig. 10 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

[0055] Fig. 1 1 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

[0056] Fig. 12 is a flow chart for explaining an action of the micro-controller in 

the control se ction system ; 

F00571 Fig. 13 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system . 

[0058] Figs. 14(a) to (d) are flow charts for explaining an action of the micro- 

controller in the control s e ct i on system ; 

[0059] Fig. 15 is a flow chart for explaining an action of the micro-controller in the 
control sect i on system ; 

[0060] Figs. 16A is a flow chart for explaining an action of the micro-controller 

in the control s e ction system ; 

[0061] Figs. 16B is a flow chart for explaining an action of the micro-controller 

in the control s e ction system ; 

r00621 Fig. 17 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

[0063] Fig. 18 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

r0064] Fig. 19 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

[0065] Fig. 20 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i o n system ; 
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[0066] Fig. 21 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

r00671 Fig. 22 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system ; 

[0068] Fig. 23 is a flow chart for explaining an action of the micro-controller in 

the control se ct i on system ; 

[0069] Fig. 24 is a flow chart for explaining an action of the micro-controller in 

the control s e ction system ; and 

r00701 Fig. 25 is a flow chart for explaining an action of the micro-controller in 

the control s e ct i on system . 

BEST MODE FOR CARRYING OUT THE INVENTION 

r00711 A retractor for a seat belt of an embodiment of the present invention 

includes: a spindle on which a webbing is wound; a frame for pivotally holding the 
spindle; a drawing prevention s e ct i on system for preventing the webbing from 
drawing such that: stopping a rotation of the spindle rotating in a drawing out 
direction, in which the webbing is drawn out, when a rotational acceleration of the 
spindle is not less than a predetermined value when the webbing is accelerated in 
the drawing out direction; and stopping a rotation of the spindle rotating in the 
drawing out direction when a deceleration of a vehicle is not less than a 
predetermined value; and a first pow e r torque generating s e ct i on system which 
generates pow e r torque to rotate the spindle in a winding direction in which the 
webbing is wound, and connected to the spindle at all times so as to transmit the 
generated power torque to the spindle. 
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r00721 In this best mode for carrying out the invention, the retractor for a seat 

belt further includes: a second pow e r torque generating s e ction system which 
generates pow e r torque to rotate the spindle in the winding direction; and a pow e r 
torque transmitting mechanism s e ction system which transmits the pow er torque 
generated by the second pow e r torque generating s e ct i on system to the spindle, 
wherein the pow e r torque generated by the first pow e r torque generating s e ction 
system is made to be lower than the pow e r torque generated by the second pow e r 
torque generating s e ct i on system , so as to maintain a rotary speed of the spindle 
generated by the first pow e r torque generating s e ct i on system to be lower than a 
rotary speed of the spindle generated by the second pow e r torque generating 
s e ct i on system , and the second pow e r torque generating s e ct i on system is used 
repeatedly. 

r00731 This embodiment separately includes a dang e rous stat e collision or 
potential collision detecting s e ct i on system for judging a possibility of collision with 
an obstacle located in a front side of the vehicle and/or at a rear side of the vehicle 
and/or on transv e rsa l sides of the vehicle. This dangerous state detecting s e ction 
system operates as follows. A distance from the vehicle to the obstacle is detected 
by a distance measuring sensor. From a relative speed found by a change in the 
distance to the obstacle with respect to the time, a period of time of the collision with 
the obstacle is calculated. When the thus calculated period of time is not more than 
a predetermined value, it is judged that the vehicle is in a dangerous state. 

FIRST EMBODIMENT 

r00741 Referring to the drawings, the first embodiment of the present invention 

will be explained below. 
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r00751 Fig. 1 is an external appearance view showing circumstances of the 
use of a seat belt device of a vehicle of the first embodiment of the present invention. 
Fig. 2 is a functional block diagram schematically showing a structure of a retractor 
for a seat belt of the first embodiment of the present invention. Fig. 7 is a main flow 
chart for explaining an action of a micro-controller in a control sect i on system . 
r0076] As shown in Fig. 1, the seat belt device of this embodiment includes: a 
retractor 100 for a seat belt to which one end side of a webbing 302 for restricting a 
passenger in a seat 301 is attached; a through-anchor 303 for turning the webbing 
302 at a position close to a shoulder portion of the passenger; a tongue plate 305 
engaging with a buckle 304, which is arranged at the waist portion of the passenger 
and into which the webbing 302 is inserted; an anchor plate 306 for fixing the other 
end portion of the webbing 302 to a vehicle body; a buckle switch 307, which is 
integrated into the buckle 304 and detects that the passenger has fastened the 
webbing 302; and a control s e ct i on system 14 (shown in Fig. 2) for controlling a 
motor 5 (shown in Fig. 6) of the retractor 100 for the seat belt. 

r00771 As shown in Fig. 2, the retractor 100 for the seat belt of this 
embodiment is provided with a frame 1. This frame 1 includes: a spindle 2 on which 
the webbing 302 is wound; and a spindle shaft 3 connected to the left end side of the 
spindle 2, wherein this spindle shaft 3 is a rotational axis of the spindle rotation. A 
drawing preventing s e ction system or retractor locking system 4 for locking the 
webbing 302 from being drawn out is provided on the right end side of the spindle 
shaft 3. The drawing preventing s e ction system 4 is of a well known type. This 
drawing preventing s e ct i on system 4 has a function of locking the webbing 302 from 
being drawn out when a predetermined deceleration acts on the vehicle. This 
drawing preventing se ct i on system 4 also has a function of locking the webbing 302 
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from being drawn out when the webbing 302 is drawn out at a predetermined 
acceleration. The drawing preventing s e ction system 4 is structured in such a 
manner that even when the webbing 302 is locked, the webbing 302 can be wound 
by the motor (the second pow e r torque generating s e ct i on system) 5. 
r00781 When necessary, the spindle 2 can be rotated onto the webbing 

winding side by the motor 5 via the pow e r torque transmitting mechanism s e ction 
system 6 as shown in Fig. 3. The spindle 2 is connected to the winding spring (the 
first powef-torgue generating s e ct i on system) 7 at all times. 

1*00791 As shown in Fig. 3, the pow e r torque transmitting mechanism s e ct i on 

system 6 includes: a spindle side pulley 8 fixed to the spindle shaft 3; a motor side 
pulley 9 fixed to the rotary shaft of the motor 5; a timing belt 10 provided between 
both pulleys 8, 9; a clutch housing 12 which receives a force on the spindle side 
pulley 8 when a clutch 11, which is arranged in the spindle side pulley 8, is 
connected when the motor 5 is rotated so as to wind the webbing; and a pow er 
torque transmission cushioning member (a coil spring) 17, which is arranged in the 
spindle side pulley 8 and fixed to the spindle shaft 3, for conducting a cushioning 
action between the clutch housing 12 and only the winding side of the spindle shaft 
3. Fig. 5 is a view showing circumstances in which the spindle side pulley 8 and the 
clutch mechanism s e ct i on system 11, 12 are simultaneously rotated without giving a 
compression to the pow e r torque transmitting cushion member (coil spring) 17. Fig. 
4 is a view showing circumstances in which the pow e r torque transmitting cushion 
member (coil spring) 17 is compressed because the clutch mechanism s e ct i on 
system 11, 12 is stopped with respect to a rotation of the spindle side pulley 8. 
[0080] As shown in Fig. 2, a webbing action detecting s e ct i on system 13, 
which detects a rotary speed and a rotary direction of the spindle shaft 3 so as to 
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detect the webbing action, is provided in the frame 1. This webbing action detecting 
s e ct i on system 13 is composed in such a manner that, for example, a magnetized 
disk, in which N-pole and S-pole are alternately formed, is fixed to the spindle shaft 
3. Therefore, a signal generated by the electromagnetic induction is transmitted to 
the control section system 14. The buckle switch 307 is integrated into the buckle 
304 and detects whether or not the seat belt is fastened by a passenger and 
supplies a signal of fastening the seat belt to the control s e ction system 14. 
r00811 The dang e rous stat e collision detecting s e ct i on system 15 judges a 

possibility of collision with an obstacle located, for example, in the front side of the 
vehicle and/or at the rear' side of the vehicle and/or on the transversal sides of the 
vehicle. This dang e rous st a t e collision detecting s e ct i on system operates as follows. 
A distance from the vehicle to the obstacle is detected by a distance measuring 
sensor. From a relative speed found by a change in the distance to the obstacle with 
respect to the time, a period of time at the collision with the obstacle is calculated. 
When the thus calculated period of time is not more than a predetermined value, it is 
judged that the vehicle is in a dangerous state, and the dangerous state detecting 
sect i on system supplies a signal corresponding to the dangerous state to the control 
s e ct i on system 14. In the control s e ction system 14, a drive circuit for driving the 
motor 5 is provided. The motor 5 is driven by a signal sent from a micro-controller to 
be described later. A rotation of the spindle 2 is detected by (1) a magnetized disk, 
which is arranged on the spindle shaft 3 and in which N-pole and S-pole are 
alternately formed on an outer circumference thereof; and (2) by two hole sensors 
arranged so as to output signals of which phases are shifted from each other by 1/4 
period. Pulse rows (|>1 and <J>2 of two phases are generated, and a rotary direction 
and an amount of rotation (a rotary angle) are transmitted to the control s e ct i on 



- 18- 



system 14. The pulse rows (|>1 and <j>2 are digitized by an up-down counter on an 
input and output interface in the control s e ction system 14 and changed into an 
output corresponding to an amount of drawing of the webbing 302. 
[0082] The control s e ction system 14 includes: a not shown micro controller 
(not shown) having CPU (Central Processing Unit) for executing various control 
programs, RAM for storing various processing data, ROM for storing various 
programs, a built-in timer and an input and output interface for conducting a signal 
conversion; and also the control s e ct i on system 14 includes a drive circuit not 
shown for driving the motor 5 according to an output from the micro-controller. 
According to the signals sent from the buckle switch 307 and the dang e rous stat e 
collision detecting s e ction system 15, the input and output interface not shown sets a 
belt fastening flag and a dangerous flag at a flag register (or RAM). In the flag 
register not shown, CPU watches an amount of the drawing of the webbing via the 
input and output interface and sets various flags. For example, concerning the 
amount of the drawing of the webbing which is periodically watched, from a 
difference between the value obtained at the watching of the last time and the value 
obtained at the watching of the present time, a drawing flag showing the drawing of 
the webbing 302, a winding flag showing the winding of the webbing 302 or a 
stopping flag showing a state of stoppage, in which the webbing 302 is not drawn or 
wound, is set in the flag register. 

[0083] When a reference is made to various flags, it is possible for the micro- 
controller (CPU) of the control section system 14 to judge the drawing of the webbing 
302, the winding of the webbing 302, the stopping of the webbing 302, the fastening 
of the seat belt and the dangerous state. On the basis of the above judgment, the 
control s e ct i on system 14 controls the motor 5. 



[0084] Fig- 7 is a main flow chart for explaining an action of the micro- 

controller (CPU) in the control s e ction system 14. Electric pow e r torque is supplied 
to the control s e ction system 14 from a battery line provided in the vehicle. The start 
shown in Fig. 7 is executed when the retractor of this embodiment is incorporated 
into the vehicle and the control s e ction system 14 is connected to the battery line. 
Accordingly, the initial parameter setting is not usually conducted but the initial 
parameter setting is conducted only when the device is initially incorporated into the 
vehicle or only when the battery is replaced for the reason of maintenance. 
Referring to the flow chart shown in Fig. 7, various actions of the micro-controller 
(CPU) of the control s e ct i on system 14 will be explained below. 
[0085] First of all, in step A1, the initial parameter shown in Fig. 8 is set. In 

this case, various registers are cleared (step B1). Next, various state flags relating 
to a belt action are cleared (step B2). Next, a failure flag is cleared (step B3). Next, 
various threshold values are respectively set at a predetermined value (step B4). 
Next, in order to set an accommodation origin, an accommodation origin set driving 
is conducted (step B5). 

[00861 An operation procedure of the accommodation origin set driving is 

shown in Fig. 24 in detail. First, PWM (Pulse Width Modulation) duty ratio is set 
(step C1). Next, a winding drive signal is turned on (step C2) so as to drive the 
motor 5 for a predetermined period of time to wind the webbing by a predetermined 
winding force (step C3). After a predetermined period of time has passed, a 
stopping detection described later (shown in Fig. 17) is conducted (step C4). Next, it 
is judged whether or not the stoppage flag is set (step C5). In the case where the 
stoppage flag is not set, the program returns to the stoppage detection (step C4). In 
the case where the stoppage flag is set, the motor 5 is stopped (step C6), and an 
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amount of rotation of the spindle 2 detected by a rotation sensor not shown at this 
stopping position is set as an accommodation origin (step C7). After that, the 
program proceeds to step C8 and driving of drawing the webbing is conducted. 
[00871 In this case, driving of drawing the webbing 302 (step C8) is conducted 

according to the drawing driving routine shown in Fig. 20. First, corresponding to the 
initial setting of the drawing speed, the duty ratio of PWM is initially set (step S1). In 
this embodiment, as the duty ratio of PWM, a specific value between 10% and 20% 
is initially set. Next, the drawing drive signal is turned on and drawing of the webbing 
is executed by the motor 5 (step S2). The duty ratio is increased for each 20 ms 
(step S3) by a predetermined amount and gradually increased (step S4). That is, an 
intensity of the winding force is gradually increased. Next, it is judged whether or not 
the duty ratio has reached the maximum value that has been set (step S5). In the 
case where the duty ratio has not reached the maximum value, the duty ratio up 
operation is successively conducted (steps S3, S4, S5). When the duty ratio has 
reached the maximum value, the program proceeds to the next step S6. In step S6, 
it is judged whether or not the time 300 ms has passed from the start of drawing the 
webbing. When the time 300 ms has passed, the program is returned. In this case, 
each value in the process of drawing (the initial PWM duty ratio: 10% to 20%, the 
lapse of time: 20 ms, 300 ms) is just an example. In the drawing driving conducted 
while a user is fastening the seat belt, each value is preferably a duty ratio by which 
a motor torque is given onto the drawing side, on which the motor 5 and the gear can 
be operated, so as to release the clutch 11. Each value is preferably a period of 
duty-up which is set so as to control the speed on the drawing side so that the 
drawing can not be locked by malfunction of WSI when the webbing 302 is suddenly 
drawn out by a reaction force given by the restricted passenger. Each value is 
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preferably an amount of duty-up per one period. It is preferable that a drawing 
driving time is appropriately set to be not less than a predetermined period of time so 
that the spindle 2 can be rotated so as to sufficiently release the clutch 1 1 even 
when the webbing 302 is drawn out by the passenger before the release of the 
clutch is completed. 

r00881 After the completion of drawing (after the completion of the processing 
routine shown in Fig. 20), returning to Fig. 24, the program proceeds to step C9, and 
the clutch 11 is released and the drive is stopped. Then, processing of the 
accommodation origin set driving is ended (end of step A1 in Fig. 7). 
[0089] Next, the micro-controller (CPU) of the control section system 14 

allows a timer interruption (step A2). In this case, for example, the timer interruption 
is 20 ms, and the interruption is made for each 20 ms, and processing shown in Fig. 
9 is conducted. First, the door opening and closing detection is made (step D1 in 
Fig. 9). In detail, the door opening and closing detection is made by the procedure 
shown in Fig. 25. In this case, the door opening and closing detection is made by 
the number of opening and closing operation detected by a door opening and closing 
detection counter not shown, and a predetermined flag is set In Fig. 25, first of all, 
an increment of the door opening and closing detection counter is made (step E1). 
This counter is set at a predetermined position in RAM (register) and an increment of 
the door opening and closing detection counter is made each time the door opening 
and closing detection is conducted. Next, a door opening and closing signal sent 
from a door switch provided in a vehicle is measured (step E2). Next, it is judged 
whether or not the door opening and closing counter has reached, for example, "5" 
(step E3). In the case where the door opening and closing counter has not reached 
"5", the program proceeds to step E4, and by the thus measured door opening and 
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closing signal, it is judged whether or not the door is closed. In the case where the 
door is closed, an increment is made in the door closing counter (step E5). The door 
closing counter is set at a predetermined position in RAM (resister). In the case 
where the door closing is not detected in step E5, an increment is not made in the 
door closing counter, and the program returns to step A2 shown in Fig. 7. On the 
other hand, in step E3, in the case where the door opening and closing detection 
counter has reached "5", the program proceeds to step E6, and it is judged whether 
or not the door closing counter is not less than "3". In the case where the door 
closing counter is "3" or more, the door closing flag is set (step E7). In the case 
where the door closing counter is not "3" or more, the door closing flag is cleared 
(step E8). After that, the door opening and closing detection counter is cleared (step 
E9). Next, the door closing counter is cleared (step E10), and the program returns to 
step A2 shown in Fig. 7. 

[0090] Next, by a signal sent from the seat belt fastening detecting s e ct i on 
system 16, the buckle fastening detecting routine (step D2 in Fig. 9) is executed. To 
be in detail, the buckle fastening detection is made by the action processing 
procedure shown in Fig. 11. In this case, when the buckle fastening counter counts 
the number of times of fastening and detecting of the buckle until the number of 
times increases to a predetermined value, it is detected whether or not the 
passenger fastens the buckle. When the result of detection of the last time and the 
result of detection of the present time are compared with each other, it is judged 
whether or not a change is made in fastening the buckle, and a predetermined flag is 
set. First, an increment is made in the buckle fastening counter arranged at a 
predetermined position in RAM (register) (step F1). Next, a buckle fastening signal 
is measured by the seat belt fastening detecting s e ct i on system 16 (step F2). Next, 
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the micro-controller (CPU) of the control s e ct i on system 14 judges whether or not the 
buckle fastening counter has reached, for example, "5" (step F3). In the case where 
the buckle fastening counter has not reached "5", the program proceeds to step F4, 
and it is judged by the measured buckle fastening signal whether or not the buckle is 
fastened by the passenger In the case where the buckle is fastened by the 
passenger, an increment is made in the buckle fastening counter (step F5). After 
that, the program is returned. On the other hand, in the case where the buckle is not 
fastened in step F4, the program is returned as it is. In the case where the buckle 
fastening counter reaches "5" in step F3, the program proceeds to step F6, and it is 
judged whether or not the buckle fastening counter is "3" or more. In the case where 
the buckle fastening counter is "3" or more, the buckle fastening flag is set (step F7). 
This flag is compared with the buckle fastening flag of the last time (step F8). In the 
case where this flag is different from the buckle fastening flag of the last time, the 
buckle fastening transfer flag is set from buckle not-fastening (step F9). After the 
door opening and closing detecting counter (step F10) and the buckle fastening 
counter (step F11) have been respectively cleared, the program is returned. On the 
other hand, in the case where the flag is the same as the buckle fastening flag of the 
last time as a result of the judgment made in step F8, the buckle fastening 
continuation flag is set (step F12). After that, the program is returned. Next, in the 
case where the buckle fastening counter is not "3" or more as a result of the 
judgment made in step F6, the buckle fastening flag is cleared (step F13), and the 
flag is compared with the buckle fastening flag of the last time (step F14). In the 
case where the flag is different from the buckle fastening flag of the last time as a 
result of the comparison, the buckle not-fastening transfer flag is set from buckle 
fastening (step F15). After that, the program is returned. In the case where the flag 
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is the same as the buckle fastening flag of the last time as a result of the comparison 
made in step F14, the buckle not-fastening continuation flag is set (step F16). After 
that, the program is returned. 

r00911 Next, the collision prediction control routine is executed (step D3 in Fig. 

9). This routine is executed according to the processing procedure shown in Fig. 19. 
First, it is judged whether or not the buckle fastening continuation flag is set (step 
G1). In the case where the buckle fastening continuation flag is not set, the program 
is returned as it is. In the case where the buckle fastening continuation flag is set, a 
collision prediction signal is read out by the dangerous state detecting s e ction 
system 15 (step G2). According to this signal, it is judged whether it is impossible to 
evade the occurrence of collision or not (step G3). In this case, the clause "It is 
impossible to evade the occurrence of collision." means that it is impossible for a 
driver to avoid the occurrence of collision by his operation. In the case where the 
result of the judgment made in step G3 is "YES" in step G3, that is, in the case 
where it is judged that it is impossible to evade the occurrence of collision, the seat 
belt is driven being wound at high speed, for example, for three seconds (step G4). 
After that, the program is returned. This action is conducted being given priority over 
the other actions. In this connection, three seconds as the judgment time is just an 
example. That is, the judgment time is preferably set at the time needed for 
restricting a passenger when the passenger is in a state in which it is impossible to 
evade the occurrence of collision. On the other hand, in the case where the result of 
the judgment made in step G3 is "NO", that is, in the case where it is judged that it is 
possible to evade the occurrence of collision, the program proceeds to step G5 and it 
is judged whether or not it was impossible to evade the occurrence of collision at the 
last time. In this case, in the case where it is judged that it was impossible to evade 
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the occurrence of collision, a release flag for returning the retractor, in which the 
webbing has been wound by the motor 5, to the initial state is set (step G6). After 
that, the program is returned. On the other hand, in the case where it was possible 
to evade the occurrence of collision at the last time as a result of the judgment made 
in step G5, it is judged whether or not there is a possibility of collision (step G7). In 
the case where it is judged that there is a possibility of collision, the driving of 
winding the seat belt and the driving of drawing out the seat belt are alternately 
conducted (step G8). Due to the foregoing, the passenger is informed of a danger. 
After that, the program is returned. On the other hand, in the case where it is not 
judged that there is a possibility of collision as a result of the judgment made in step 
G7, it is judged whether or not there was a possibility of collision at the last time 
(step G9). When it is judged that there was not a possibility of collision at the last 
time, the program is returned. On the other hand, when it is judged that there was a 
possibility of collision at the last time, it is judged whether or not one second or more 
has passed after the point of time when there was no possibility of collision (step 
G10). In the case where one second or more has not passed, the program proceeds 
to step G8, and successively the driving of winding the seat belt and the driving of 
drawing out the seat belt are alternately conducted. The reason why this operation 
is conducted is that although there was a possibility of collision only for a moment, 
the driving of winding the seat belt and the driving of drawing out the seat belt are 
alternately conducted for at least one second so as to securely give a warning of 
collision. In this case, one second of the judging time is just an example. That is, 
the time is preferably set so that it can be recognized as a warning. On the other 
hand, in the case where one second or more has passed from the point of time when 
there is no possibility of collision as a result of the judgment made in step G10, in 
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order to return the retractor, which conducted winding by the motor 5, to the initial 
state, the release flag is set (step G1 1). After that, the program is returned. 
r00921 After the completion of the collision prediction control routine (step D3), 

returning to Fig. 9, the program proceeds to step D4 and it is judged whether or not 
the time 500 ms has passed. A counter of 500 ms is set in RAM (register). Each 
time of timer interruption of 20 ms, an increment is made, and it is judged by this 
counted value whether or not it has reached 500 ms. When the counter of 500 ms 
has reached 500 ms, the drive s e ction system malfunction diagnosis routine is 
executed (step D5). After that, the counter of 500 ms is cleared, and the program is 
returned. On the other hand, in the case where the time 500 ms has not passed as 
a result of the judgment made in step D4, the drive s ec tion system malfunction 
diagnosis routine is not executed, and the program is returned as it is. 
[0093] Fig. 18 is a diagram showing the drive s e ct i on system malfunction 

diagnosis routine. The drive s e ct i on system malfunction diagnosis is made by 
judging whether or not the motor driving is being continuously stopped for a 
predetermined period of time or more. First, an electric current flowing in the motor 5 
is detected by an electric current detecting s e ction system not shown (step H1). 
When an intensity of this electric current is not less than a predetermined value, it is 
judged that the motor is being driven. When it is judged whether or not the motor is 
driven (step H2) and it is judged that the motor is not driven, a drive s e ct i on system 
abnormality flag, which is set in RAM (register), is cleared (step H3). After that, the 
program is returned. On the other hand, in step H2, in the case where it is judged 
that the motor is driven, the program proceeds to step H4, and it is judged whether 
or not the motor has been continuously driven for 10 seconds or more. In the case 
where the motor has been continuously driven for 10 seconds or more, the drive 
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s e ct i on system abnormality flag is set (step H5). After that, the program is returned. 
On the other hand, in the case where the motor has not been continuously driven for 
10 seconds or more, the program is returned as it is. In this case, the time of 10 
seconds is an example. To sum up, it is preferable that the time is set at a value not 
less than the maximum continuation time of driving which is conducted in a usual 
motor driving operation. 

[0094] Next, a state of the buckle 304 is judged according to the result of 

processing the buckle fastening detecting routine (step D2) conducted for each timer 
interruption (step A2) described before (step A3). According to the result of the 
judgment, each control of the prior fastening control (step A6), the initial fastening 
control at the initial state of fastening, the control conducted during fastening or the 
control of accommodation is executed. 

[0095] In the buckle fastening detection, according to the setting state of each 

flag showing a state of the buckle 304, the state of the buckle 304 can be detected 
(step A3). 

[0096] When it is judged that a state of not-fastening the buckle is continued 

(step A4), the corresponding flag is cleared (step A5). After that, the control 
conducted before fastening, the detail of which is shown on Fig. 12, is conducted 
(step A6). First, the drawing detection is conducted in which whether or not the 
webbing 302 is drawing out is detected (step J1). This drawing detection is executed 
according to the processing procedure, the detail of which is shown in Fig. 10. First, 
an amount of rotation of the spindle 2 is read out by a rotary sensor to detect a 
rotation of the spindle 2 (step K1). Next, it is judged whether or not a value, which 
has been read out, is moved to the drawing side by a predetermined amount with 
respect to the value which was read out at the last time (step K2). In this case, when 
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it is judged that the value has been moved to the drawing side by a predetermined 
amount or more, it is judged that the drawing is conducted, and the drawing flag is 
set (step K3). On the other hand, in the case where it is judged in step K2 that the 
value has not been moved by the predetermined amount or more, the drawing flag is 
cleared (step K4). Next, an amount of reading the rotary sensor is recorded at a 
predetermined position in RAM (step K5). After that, returning to the processing 
shown in Fig. 10, it is judged whether or not the drawing flag is set (step J2). In the 
case where the drawing flag is not set, the prior fastening control (step A6) is 
returned. On the other hand, in the case where the drawing flag is set as a result of 
the judgment made in step J2, the program proceeds to step J3, and the stop 
detecting routine, the detail of which is shown in Fig. 17, is executed. In this case, a 
stoppage of the webbing 302 (a state in which the webbing 302 is neither drawn nor 
wound) is detected. First, an output of the rotary sensor for detecting an amount of 
rotation of the spindle 2 is read out (step L1 shown in Fig. 17). Next, an amount of 
rotation which has been read out, and an amount of rotation which is read out at the 
last time, are compared with each other, and it is judged whether or not a 
predetermined amount of change is caused (step L2). In the case where the amount 
of rotation of the last time and the amount of rotation of the present time are different 
from each other as a result of this judgment, it is judged that the webbing 302 is not 
stopped, and the stoppage flag is cleared (step L3) and the corresponding stoppage 
detecting routine is ended. On the other hand, in the case where there is no 
difference between the amount of rotation of the last time and the amount of rotation 
of the present time as a result of the judgment made in step L2, the program 
proceeds to step L4, and it is judged whether or not the time 300 ms or more has 
passed after the time when no change is caused in the amount of rotation. When 
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the time 300 ms has passed as a result of this judgment, it is judged that the 
webbing 302 is stopped, and the stoppage flag is set (step L5). After that, the 
program is returned. On the other hand, when it is judged that the time 300 ms has 
not passed in step L5, the program is returned as it is. 

r0097l When the stoppage detecting routine (step J3 in Fig. 12) is completed, 

the program is transferred to step J4 and it is judged whether or not the stoppage 
flag is set. In the case where the stoppage flag is not set as a result of this 
judgment, the program is transferred to step J5 and it is judged whether or not the 
buckle not-fastening continuation flag is set (step J5). In the case where the buckle 
not-fastening continuation flag is set, the stoppage detecting routine of step J3 is 
executed. On the other hand, in the case where it is judged in step J5 that the 
buckle not-fastening continuation flag is not set, the program is returned as it is. On 
the other hand, in the case where it is judged that the stoppage flag is set as a result 
of the judgment made in step J4, it is judged whether or not the webbing is drawn out 
by a predetermined amount or more (step J6). In this case, it is preferable that a 
predetermined amount of drawing of the webbing is set to be smaller than an amount 
of drawing of the webbing necessary for restricting a passenger seated in the seat. 
The reason is described as follows. A winding spring incorporated into this 
embodiment is set in such a manner that its spring force is the same as a force 
substantially capable of restricting the passenger seated in the seat, so that an 
oppressive sensation caused by fastening the seat belt can be reduced to be lower 
than that of a usual seat belt. Therefore, when the tongue is disengaged from the 
buckle 304, it is impossible to completely accommodate the webbing 302 only by the 
winding spring. Therefore, this predetermined amount determines whether or not it 
is an amount of drawing in which the webbing 302 can be accommodated only by 
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the winding spring. In the case where the amount of drawing of the webbing 302 is 
not a predetermined amount or more, it is judged that the webbing 302 can not be 
wound only by the winding spring and the program jumps to the accommodation 
control routine in step J9. On the other hand, when it is judged that the webbing 302 
has been drawn out by the predetermined amount or more as a result of the 
judgment of step J6, the program is transferred to the winding suitableness detecting 
routine of step J7. 

[0098] The detail of the winding suitableness detecting routine (step J7) is 

shown in Fig. 23. First, it is judged whether or not the webbing 302 can be wound by 
the winding spring. In the case where it is judged that the webbing 302 can not be 
wound by the winding spring, it is judged whether or not the webbing 302 can be 
wound by a predetermined winding force generated by the motor 5. First, an amount 
of rotation of the spindle 2 measured by the rotary sensor in 100 ms is read out 
(steps M1, M2, M3), and it is judged whether or not the webbing 302 is wound by an 
amount of not less than a predetermined value in 100 ms (step M4). When it is 
judged that the webbing 302 is wound by an amount not less than a predetermined 
value according to the result of the judgment made in step M4, the micro-controller 
(CPU) of the control se ct i on system 14 sets a winding flag (step M11), and the 
winding suitableness detecting routine shown in Fig. 23 is ended. On the other 
hand, when it is not judged that the webbing 302 is wound by an amount not less 
than a predetermined value according to the result of the judgment made in step M4, 
the program is transferred to a winding suitableness detection in which the motor 5 is 
used for winding. First, in order to set a winding force generated by the motor 5, the 
duty ratio of PWM signal given to the motor 5 is set, and then the winding driving 
signal is turned on (step M5). After that, an amount of rotation of the spindle 2 in 100 
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ms is read out by the rotary sensor and the motor 5 is stopped (steps M6, M7, M8 
and M9). Next, the micro-controller (CPU) of the control section system 14 proceeds 
to step M10 and it is judged whether or not the webbing 302 is wound by an amount 
not less than a predetermined value. When it is judged that the webbing 302 is 
wound by the amount not less than the predetermined value, the winding flag is set 
and the program is returned. On the other hand, when it is judged that the webbing 
302 is not wound by the amount not less than the predetermined value according to 
the result of the judgment made in step M10, as described before, the drawing drive, 
the detail of which is shown in Fig. 20, is conducted (step M12) and the clutch 11 is 
released and the winding flag is cleared (step M13). Then, the program is returned. 
[0099] After the completion of the winding suitableness detection (after the 
completion of the processing routine shown in Fig. 23), returning to Fig. 12, the 
program proceeds to step J8, and the suitableness of winding is judged according to 
whether or not the winding flag is set. In the case where it is impossible to conduct 
winding, the program returns to the stoppage detection routine shown in step J3. On 
the other hand, in the case where it is possible to conduct winding, the program 
proceeds to step J9 and the accommodation control is conducted. 
[0100] Next, referring to Fig. 15, the accommodation control (step J9) will be 

explained in detail. First, a stoppage of the webbing 302 is detected (step N1) by the 
stoppage detection described above (the routine (steps L1 - L5) in Fig. 17), and it is 
judged whether or not the stoppage flag is set (step N2). When the stoppage flag is 
not set as a result of this judgment, the corresponding accommodating control 
routine is returned as it is. On contrary, when the stoppage flag is set as a result of 
the judgment in step N2, it is judged whether or not the door closing flag is set (step 
N3). When the door closing flag is set as a result of this judgment, winding is 
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conducted at low speed (step N4). On the other hand, when the door closing flag is 
not set as a result of this judgment, winding is conducted at middle speed (step N5). 
The reason why this operation is conducted is described below. In order to prevent 
the webbing 302 from being pinched by the door, when the door is opened, the 
operation is conducted so that the webbing 302, which has not been completely 
accommodated yet at the point of time when the door is closed, can be prevented 
from being pinched by the door when the door is closed. 

r01011 In this case, in steps N4 and N5, the webbing 302 is wound according 

to the winding routine shown in Fig. 21. First, according to the winding speed to be 
set, the duty ratio of PWM is set (step P1). For example, in the case of winding 
conducted at high speed, a specific value of 70% to 90% is initially set as the initial 
duty ratio of PWM. In the case of winding conducted at middle speed, a specific 
value of 30% to 50% is initially set as the initial duty ratio of PWM. In the case of 
winding conducted at low speed, a specific value of 10% to 30% is initially set as the 
initial duty ratio of PWM. Next, the winding drive signal is turned on, and winding is 
executed by the motor 5 (step P2). The duty ratio is increased by a predetermined 
amount for each 20 ms (step P3), that is, the duty ratio is gradually increased (step 
P4). In other words, the winding force is gradually increased. Next, it is judged 
whether or not the duty ratio has reached the maximum value which is set for each 
winding speed (step P5). When the duty ratio has not reached the maximum value, 
the duty ratio is successively increased (step P3, P4, P5). When the duty ratio has 
reached the maximum value, the program is transferred to the next step P6. In step 
P6, it is judged whether or not the time of 300 ms has passed from the start of 
winding. In the case where the time 300 ms has passed, the program is returned. In 
the case where the time 300 ms has not passed, the program is not returned until 
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the time 300 ms passes. In this case, the lapse of time 300 ms is just an example. 
The lapse of time 300 ms is used for setting the continuation time of winding. 
Therefore, it is preferable that the webbing can be positively wound in this lapse of 
time 300 ms. 

[0102] After the completion of winding (after the completion of the processing 
routine shown in Fig. 21), returning to Fig. 15, the program proceeds to step N6. 
According to the reading of the rotary sensor, an amount of rotation of the spindle 2 
is detected. From the accommodation origin, which has already been set, and the 
detected amount of rotation of the spindle 2, it is judged whether or not the webbing 
302 has reached a predetermined position from the accommodation origin (step N7). 
When it is judged that the webbing 302 has reached the predetermined position, the 
driving is stopped so as to stop winding the webbing (step N8). In this case, it is 
preferable that the predetermined position is determined at a position where the 
webbing can not be pinched by the door when the webbing is drawn out from the 
accommodation origin. This action is conducted for an object of preventing the 
occurrence of the following problems. In the way of winding the webbing to be 
accommodated, the tongue is moved together with the webbing 302 and collides 
with an interior member at a certain speed and the interior member is damaged. In 
order to prevent the collision of the tongue, winding of the webbing is once stopped 
at a certain position. However, the following problems may be also encountered. At 
the point of time when winding of the webbing is just stopped, the tongue and the 
webbing 302 are left outside the vehicle. Therefore, when the door is closed in this 
state, the webbing 302 is pinched by the door. In this case, there is a possibility that 
the webbing 302 is damaged, which is not preferable from the viewpoint of ensuring 
the mechanical strength of the webbing. In order to prevent the occurrence of the 
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above problems, it is preferable that the predetermined position where the webbing 
302 is once stopped is set at a position where at least the webbing 302 is not 
pinched by the door. 

[0103] After the stoppage of driving in step N8, the program proceeds to step 
N9, and the winding (low speed) routine (steps P1 to P6) shown in Fig. 21 is 
executed. Next, the program proceeds to step N10 and the stoppage detection 
(steps L1 to L5) shown in Fig. 17 is conducted. After that, it is judged whether or not 
the stoppage flag is set (step N1 1). When the stoppage flag is not set as a result of 
this judgment, the program returns to the stoppage detection of step N10. On the 
other hand, when the stoppage flag is set, driving is stopped (step N12). 
[0104] On the other hand, when it is judged that the webbing 302 has not 

reached a predetermined position from the accommodation origin as a result of the 
judgment made in step N7, the program proceeds to step N17, and the stoppage 
detection (steps L1 to L5) shown in Fig. 17 is conducted. After that, it is judged 
whether or not the stoppage flag is set (step N18). When the stoppage flag is not set 
as a result of this judgment, the program returns to step N6. According to the 
reading of the rotary sensor, an amount of rotation of the spindle 2 is detected again. 
On the other hand, when the stoppage flag is set, driving is stopped (step N12). 
r01051 Next, a comparison is made between the accommodation origin, which 

has already been set, and the amount of rotation of the spindle which has been read 
out by the rotary sensor, and it is judged whether or not driving is further conducted 
from the accommodation origin (step N13). When it is judged that winding is further 
conducted, setting is conducted again in such a manner that an amount of rotation of 
the spindle detected by the rotary sensor at the position is set as the accommodation 
origin (step N14). On the other hand, in the case where it is judged that winding is 
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not conducted exceeding the accommodation origin, the accommodation origin is not 
newly set. When processing of step N14 is completed, the program proceeds to 
step N15 and the drawing drive routine shown in Fig. 20 is executed and completed. 
Then, returning to Fig. 15, the program returns to step N16 and the clutch 11 is 
released and driving is stopped. 

r01061 The program returns to step A3 shown in Fig. 7. When it is judged that 
a flag, which shows a change from a state where the buckle 304 is not fastened to a 
state where the buckle 304 is fastened in the state flags of the buckle 304, is set 
(step A7), the corresponding flag is cleared (step A8). After that, the initial fastening 
control is conducted (step A9). 

r01071 The initial fastening control of step A9 is shown in detail in Fig. 13 
(steps Q1 to Q6). First, winding is conducted (step Q1). This winding is basically 
the same as the winding shown in Fig. 21 described before. However, the following 
points are different. PWM duty ratio is changed from 10% to 30%. A period of 
increasing the duty ratio is not 20 ms but 100 ms. A continuation time of winding is 
not 300 ms but, for example, 2 s. These values are just an example. It is preferable 
that PWM duty ratio is a value capable of generating a winding force by which 
looseness of the webbing 302 can be properly removed. It is preferable that the 
period of increasing the duty ratio is a sufficiently long period for slowly changing an 
intensity of the winding force so as to prevent the generation of a sense of 
incongruity which is generated when a sudden change is given to the winding force. 
It is preferable that the winding continuation time is a continuation time in which an 
amount of looseness can be sufficiently wound when winding is slowly conducted. 
[OIQg] Returning to Fig. 13, after the completion of winding (step Q1), the 

program proceeds to step Q2 and the stoppage detection (steps L1 to L5) shown in 
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Fig. 17 is conducted. Next, it is judged whether or not the stoppage flag is set (step 
Q3). When the stoppage flag is set as a result of the judgment, the stoppage drive is 
conducted (step Q4). On the other hand, when the stoppage flag is not set, the 
program returns to the stoppage detection (step Q2). 

[0109] The stoppage driving is shown in detail in Fig. 22. PWM duty ratio of 

driving the motor 5 is subjected to duty-down for each 20 ms (steps R1, R2), and the 
processing of steps R1 and R2 is continued until the duty ratio becomes a 
predetermined value (step R3). When the duty ratio becomes a value not more than 
the predetermined value, the motor drive signal is turned off (step R4), and the 
program is returned. In this case, each value is just an example. It is preferable that 
each value is set at a value by which the spindle rotating in a winding direction can 
be slowly stopped so that the spindle 2 rotating in the winding direction can not be 
locked by the action of WSI. The reason why the spindle rotating in the winding 
direction is slowly stopped is that a bungle of WSI, which is a portion of the main 
lock, is prevented. WSI is the well known prior art and is structured in such a 
manner that when the webbing 302 is drawn out at an acceleration not less than a 
predetermined value, the spindle 2 is locked so as to prevent the webbing 302 being 
drawn out. 

r01101 Returning to Fig. 13, after winding is stopped (step Q4), the program 

proceeds to step Q5. In order to release the clutch 11, the drawing drive (steps S1 
to S6) in Fig. 20 described before is conducted. After that, the stoppage drive is 
conducted (step Q6). 

r01111 Returning to step A3 shown in Fig. 7, when it is judged that the buckle 

fastening continuation flag, which is in the flags showing a state of the buckle 304, is 
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set (step A10), the corresponding flag is cleared (step A1 1). After that, the fastening 
control is conducted (step A12). 

r01121 The control of fastening is described in detail in Fig. 14(a). First, the 
micro-controller (CPU) of the control s e ct i on system 14 checks whether or not the 
release flag is set (step T1). When the release flag is set, the release flag is cleared 
(step T9) and then the program jumps to step T8 and the initial fastening control is 
executed. After that, the program is returned. On the other hand, when the release 
flag is not set as a result of checking the release flag in step T1, a through-anchor 
moving detection is conducted (step T2). As shown in Fig. 14(b), the action 
processing procedure of the through-anchor moving detection is described as 
follows. First, a movement of the shoulder portion in the vertical direction of the 
vehicle is detected by a sliding type potentiometer and the output is read and 
detected by the control s e ct i on system 14 (step U1). This detection is made by a 
timer interruption at each predetermined time. Next, a comparison is made between 
the through-anchor position at the timer interruption of the last time and the through- 
anchor position at the timer interruption of the present time, and it is judged whether 
or not the through-anchor is moving (step U2). When it is judged that the through- 
anchor is moving, the program is returned to the through-anchor position detection 
(step U1). On the other hand, when it is judged that the through-anchor is stopped, 
the through-anchor moving flag is set (step U3), and then the program is returned to 
the processing routine shown in Fig. 14(a). In step T3, it is judged whether or not the 
through-anchor moving flag is set. When the through-anchor moving flag is set, the 
program jumps to step T8 and the initial fastening control is executed. After that, the 
program is returned. On the other hand, when it is judged that the through-anchor 
moving flag is not set in step T3, the seat longitudinal moving detection is conducted 
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according to the routine shown in Fig. 14(c) (steps V1, V2). This detection is made 
by the same method as that of the aforementioned through-anchor moving detection. 
In the case where the seat is moved (when it is "NO" in step V2), after the seat 
movement is detected, the seat longitudinal movement flag is set (step V3), and the 
program is returned to the processing routine shown in Fig. 14(a). In step T5, it is 
judged whether or not the seat longitudinal movement flag is set. When it is judged 
that the corresponding flag is set, the initial fastening control is executed and the 
program is returned. 

r0113] On the other hand, when it is judged that the seat longitudinal 

movement flag is not set in step T5, by the processing procedure shown in Fig. 
14(d), a seat back angle change detection is made. The seat back angle change 
detection is made as follows. An angle between the seat face and the seat back is 
detected by a potentiometer for detecting the angle (step W1), and a signal 
corresponding to the angle is outputted to the control s e ction system 14. The control 
s e ct i on system 14 reads out the output for each predetermined timer interruption and 
judges whether or not there is a difference between the angle of the timer 
interruption of the last time and the angle of the timer interruption of the present time. 
In this way, it is judged whether or not the angle is being changed (step W2). When 
the change has been stopped, a seat back angle change flag is set (step W3), and 
the program is returned to the processing routine shown in Fig. 14(a). In step T7, it 
is judged whether or not the seat back angle change flag is set. When it is judged 
that the corresponding flag is set, the initial fastening control is executed, and the 
program is returned. On the other hand, in step T7, when it is judged that the seat 
back angle change flag is not set, the program is returned as it is. 



-39- 



r01141 The above series of actions are executed so that a redundant 
looseness can not be given to the webbing 302. 

r01151 Returning to step A3 shown in Fig. 7, when the buckle state is judged 

by a flag which is related to a change from the buckle fastening to the buckle not- 
fastening (step A13), the corresponding flag is cleared (step A14). After that, the 
accommodation control shown in Fig. 15 is conducted (step A15). 
[0116] Returning again to the routine shown in Fig. 7, the sleep IN control 

routine is executed in step A16. As the detail of the sleep IN control routine is shown 
in Fig. 16(a), in the sleep IN control routine, operation is conducted as follows. First, 
by the rotary sensor, an amount of rotation is read out (step X1). From the thus read 
amount of rotation, the micro-controller (CPU) of the control s e ct i on system 14 
judges whether or not the webbing 302 is drawn out (step X2). When the drawing of 
the webbing 302 is detected, the program jumps to step X6, and the sleep IN flag is 
cleared and the program is returned. On the other hand, when the drawing of the 
webbing 302 is not detected in step X2, it is judged whether or not the door of the 
objective seat belt is closed (step X3). When the corresponding door is not closed, 
the sleep IN flag is cleared (step X6), and the program is returned. Meanwhile, when 
it is detected in step X3 that the door of the objective seat belt is closed, it is judged 
whether or not a period of time not less than 5 minutes has passed after OFF of the 
ignition switch (IG) (step X4). When the period of time not less than 5 minutes has 
not passed, the program proceeds to step X6, and the sleep IN flag is cleared. After 
that, the program is returned. On the other hand, when the period of time not less 
than 5 minutes has passed, the program proceeds to step X5 and the sleep IN flag is 
set. After that, the program is returned. 
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1*01171 That is, when the webbing 302 is not drawn out and the objective door 
is closed and a period of time not less than 5 minutes has passed after OFF of the 
ignition switch (IG), the sleep IN flag is set (step X5). Except for that, the sleep IN 
flag is cleared (step X6). 

r01181 After the completion of the sleep IN control shown in Fig. 16(a), the 
program is returned to Fig. 7. In step A17, it is judged whether or not the sleep IN 
flag is set. When the sleep IN flag is set, the program is transferred to a sleep mode 
(step A18). The reason why the program is transferred to the sleep mode is that 
only preparations necessary for returning from a state of sleeping are made so as to 
reduce an electric current consumed in the device. 

1*01191 Next, the program proceeds to step A19 and the sleep OUT judgment 

is made. The detail of the processing of this sleep OUT control is shown in Fig. 
16(b). First, the micro-controller (CPU) of the control s e ct i on system 14 reads out an 
amount of rotation by the rotary sensor (step Y1). By the thus read amount of 
rotation, it is judged whether or not the webbing 302 has been drawn out (step Y2). 
When the drawing of the webbing 302 is detected, the program jumps to step Y6 and 
the sleep OUT flag is set. Then, the program is returned. On the other hand, when 
the drawing of the webbing 302 is not detected in step Y2, it is judged whether or not 
the door of the objective seat belt is closed (step Y3). When the corresponding door 
is not closed, the sleep OUT flag is set (step Y6). After that, the program is returned. 
On the other hand, when it is detected in step Y3 that the door of the objective seat 
belt is closed, it is judged whether or not the ignition switch (IG) is turned on (step 
Y4). In the case of "YES", the program proceeds to step Y6 and the sleep OUT flag 
is set. After that, the program is returned. On the other hand, when the result of the 
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judgment made in step Y4 is "NO", the program proceeds to step Y5 and the sleep 
OUT flag is cleared. After that, the program is returned. 

1*01201 That is, in this processing, when the drawing is detected (step Y2) or 
when either the opening motion of the door (step Y3) or the ON motion of the ignition 
switch (IG) (step Y4) is detected, the sleep OUT flag is set (step Y6). Except for 
that, the sleep OUT flag is cleared (step Y5). 

SECOND EMBODIMENT 

r01211 Next, the second embodiment of the present invention will be explained 
below. 

[0122] In this second embodiment, when it is detected that a predetermined 

amount or more of the webbing has been drawn out during the clutch releasing 
operation, a previously set PWM (Pulse Width Modulation) duty ratio is increased so 
as to drive the motor. 

TO1231 This operation is conducted for preventing the occurrence of a problem 
in which the webbing is drawn out by a passenger during the release of the clutch 
and it becomes impossible to release the clutch. Usually, in order to positively 
release the clutch, the driving speed (the driving force) of the motor in the releasing 
direction is made to be sufficiently high and the driving time of the motor is made to 
be sufficiently long. However, it is not preferable to increase the driving speed 
because of an increase in the driving noise. On the other hand, when the driving 
speed is decreased, it becomes necessary to take a long time to conduct driving in 
the clutch releasing direction, and the response is delayed. Accordingly, when it is 
necessary to conduct winding immediately, there is a fear of delay of winding. 
Therefore, usually, the driving speed (the motor driving-power torque) is reduced and 
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further the driving time is shortened. Setting is made so that the clutch can be 
released in the case where the webbing is not drawn out by a passenger during the 
release of the clutch so as to reduce the driving noise and increase the response 
speed. Then, when the webbing is drawn out by the passenger during the release of 
the clutch, PWM duty ratio is increased and the motor is driven so as to surely 
release the clutch. 

[0124] In this case, the above predetermined amount of the webbing is set so 

that this control can not be conducted when the webbing is drawn out in the drawing 
direction by an elastic force of the clothes worn by the passenger who is releasing 
the clutch. It is preferable that the predetermined amount of the webbing is set at a 
value not less than an amount of the webbing to be drawn out by the elastic force 
generated by the clothes of the passenger. Due to the foregoing, it is possible to 
conduct the above actions only when the webbing is drawn out according to the 
passenger's will. 

I NDUSTR I AL APPLICAB I L I TY 

r01251 The retractor for a seat belt of the present invention can be preferably 

applied to all vehicles. 

[0126] While the above description constitutes the preferred embodiment of 
the present invention, it will be appreciated that the invention is susceptible to 
modification, variation and change without departing from the proper scope and fair 
meaning of the accompanying claims. 
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